Two additional anthraquinone derivatives containing a (Z)-dienyl side-chain, dehydroanthrasesamones A (2) and B (3), were isolated from a hairy root culture of Sesamum indicum after preventing light throughout all experimental procedures. Their respective structures were determined to be 1-hydroxy-2-[(Z)-4-methylpenta-1,3-dien-1-yl]anthraquinone and 1,4-dihydroxy-2-[(Z)-4-methylpenta-1,3-dien-1-yl]anthraquinone by spectroscopic methods.
enzymatically formed during the extraction and isolation processes in the light. We therefore investigated other anthrasesamone derivatives containing the dienyl sidechain to acquire further evidence for the stereoisomeric double-bond formation.
In order to obtain the diene derivatives biogenetically produced by S. indicum hairy roots, all experimental procedures (culture, extraction, purification and spectral measurement) were carried out in the dark or in dim light with an illumination of less than 20 lx. Two novel and minor compounds (2 and 3), together with the known and major diene (1), were isolated after several chromatographic separations from the CH 2 Cl 2 -soluble fraction as described in the Experimental section. The structures of compounds 2 and 3 were determined on the basis of spectroscopic evidence.
The HREIMS and 13 C-NMR spectral data (Table 1) for compound 3 showed its molecular formula to be C 20 H 16 O 4 (13 unsaturations), corresponding to the loss of two hydrogen atoms from anthrasesamone B (7). Fourteen 13 C resonances (C-1 to C-10a) and three aromatic ( H 7.39, 7.81 and 8.34) and two hydrogenbonded hydroxy ( H 13.01 and 13.53) proton signals of compound 3 were superimposable on those of a ring moiety in anthrasesamone B (7), 3) suggesting compound 3 to be a 2-substituted 1,4-dihydroxyanthraquinone derivative. Moreover, the remaining NMR signals revealed that compound 3 had the same side-chain containing a conjugated diene moiety (4-methylpenta-1,3-dienyl group) as that in (Z)-MPDEAQ (1), 6) instead of the monoene side-chain (4-methylpent-3-enyl group) y To whom correspondence should be addressed. Fax: +81-87-891-3021; E-mail: furumoto@ag.kagawa-u.ac.jp in anthrasesamone B (7). These data indicated compound 3 to be a didehydro analogue of anthrasesamone B (7 Table 1 . The structure of compound 3 was consequently determined to be 1,4-dihydroxy-2-[(Z)-4-methylpenta-1,3-dien-1-yl]anthraquinone and was named dehydroanthrasesamone B.
Compound 2 had the molecular formula C 20 H 16 O 3 (HREIMS and 13 C-NMR data), corresponding to the loss of two hydrogen atoms from anthrasesamone A (6). The 1 H-and 13 C-NMR data (Table 1) for compound 2 were very similar to those for a ring moiety in anthrasesamone A (6) 3) and to those for a side-chain in (Z)-MPDEAQ (1), 6) indicating compound 2 to be an anthrasesamone A analogue having the (Z)-dienyl sidechain. Full assignments of the NMR signals of compound 2 were confirmed as shown in Table 1 by a similar method to that used for compound 3. The structure of compound 2 was therefore established to be 1-hydroxy-2-[(Z)-4-methylpenta-1,3-dien-1-yl]anthraquinone and was named dehydroanthrasesamone A.
The present study further confirmed the stereospecific production of (Z)-MPDEAQ (1), because the configuration of the stereoisomeric double bond in (Z)-MPDEAQ (1) was consistent with that in the newly isolated diene derivatives, dehydroanthrasesamones A (2) and B (3). This finding therefore suggests that enzymatic dehydrogenation of MPAQ (5) should lead to the production of (Z)-MPDEAQ (1). Dehydroanthrasesamones A (2) and B (3) may be successively generated via hydroxylation of (Z)-MPDEAQ (1) and/or separately via dehydrogenation of their respective monoene derivatives (6 and 7).
Experimental
General. NMR spectra were recorded with a Jeol JNM-ECA600 FT NMR spectrometer at 600 MHz for 1 H and at 150 MHz for 13 C. All NMR chemical shifts were referenced to CDCl 3 ( H 7.24, C 77.0). Mass spectra were obtained with a Jeol JMS-SX102AQQ hybrid mass spectrometer, and UV-vis spectra were measured with a Shimadzu UV-1800 UV-VIS spectrophotometer. Silica gel 60 (70-230 mesh, Nacalai Tesque), Sephadex LH-20 (GE Healthcare Bio-Sciences) and Cosmosil 140C 18 -PREP (Nacalai Tesque) were used for column chromatography.
Plant material and culture method. Hairy roots of Sesamum indicum L. were induced by directly infecting axenic seedlings with Agrobacterium rhizogenes ATCC 15834.
8) The established hairy root clone (SI-16) was subcultured in the dark at 25 C in a phytohormonefree Gamborg B5 liquid medium 9) containing 2% sucrose (pH 6.1) on a rotary shaker at 80 rpm at intervals of 14 d. The excised hairy roots (ca. 0.3 g fr. wt.) were grown for 28 d in the dark while shaking (80 rpm) at 25 C in a 100-mL conical flask containing 50 mL of the B5 liquid medium supplemented with 2% sucrose and 100 mM NaCl.
Extraction and isolation. All subsequent procedures were conducted in the dark or in dim light (<20 lx). The hairy roots and secreted metabolites were separated from the culture medium (50 mL Â 40) by being passed through No. 2 filter paper (Advantec) and then freezedried. The lyophilized hairy roots (7.3 g) and filter papers were sonicated for 30 min in MeOH (200 mL). This extraction procedure was conducted four times, the combined MeOH solution being evaporated to dryness. The MeOH extract (4.3 g) was partitioned between CH 2 Cl 2 (300 mL Â 4) and H 2 O (300 mL) to give a CH 2 Cl 2 -soluble fraction (1.3 g ). This fraction was subjected to silica gel column chromatography, using stepwise elution with acetone-hexane containing 0.2% AcOH. The 5% acetone fraction (152 mg) was purified by Sephadex LH-20 column chromatography eluted with MeOH-CH 2 Cl 2 (1:1) and by reversed-phase column chromatography (Cosmosil 140C 18 -PREP) eluted with MeOH-AcOH (100:0.2). The fractions containing compounds 1-3 were further purified by preparative HPLC (Cosmosil 5C 18 -AR-II, 10 Â 250 mm; 230 nm) with MeOH-H 2 O-AcOH (100:0:0.2 or 95:5:0.2; 1.5 mL/min) as the mobile phase to afford 1 (10.7 mg), 2 (0.3 mg) and 3 (1.7 mg).
Dehydroanthrasesamone A (2). Orange-red solid. UV-vis max (EtOH) nm (log "): 270 (4.40), 302 sh (4.09), 448 (3.77). See Table 1 
